BBL) with I ":, carbohydrate. The medium was autoclaved at 118 "C. In some tests filtersterilized sugars were added after the medium was autoclaved; the results did not differ from those using autoclaved sugars. lnulin was dissolved in hot water and filter-sterilized. The production of ammonia from L-arginine-HC1 was determined by the method of Niven, Smiley & Sherman (1942) . The inoculum was one drop of an 18 h culture grown anaerobically in Todd-Hewitt broth and the CTA was stabbed several times with a sterile loop. A tube of CTA with no sugar was also inoculated.
The effect of various atmospheres on growth was tested by streaking a loop of culture on to each of three Trypticase Soy agar plates and incubating one each in air, a candle jar, and an anaerobic jar (90 ;ci H,, 10 ?(, CO,; GasPak, BBL). * From this work or previous results (Coykendall, 1971) .
T From Bratthall (1970 Rate o j g/jm/jsis. The rate of change in pH of a weak buffer-washed bacterial suspension after the addition of a fermentable carbohydrate was used as a measure of the rate of glycolysis of that substrate. The experiments were designed to compare the rate of glycolysis of glucose with those of fructose and sucrose by strains of S. nzutms.
Bacteria were grown to early stationary phase (determined turbidimetrically) in Todd-Hewitt broth (0.2 (' ! glucose), harvested, washed with 50 mM-KCI + I mwphosphate buffer (pH 6.9), stored at 4 "C overnight, suspended in fresh buffer, and a pH electrode was immersed in the suspension while it was stirred at 37 "C. After temperature equilibration the suspension was brought to I mM-glucose, -fructose, or -sucrose ; volumes were adjusted finally to 25 ml with an absorbance of about 0.30 at 600 nm in a Bausch & Loinb Spectronic 20 spectrophotometer. After addition of the sugar, the pH was recorded until it stabilized. The pH did not decrease in the absence of sugar. Mannitol-I-phospliatc dehydrogcnast patterns. Brown & Patterson (I 972) have shown that the electrophoretic pattern of inannitol-1-phosphate dehydrogenase is specific for each genetic group of S. nzutum. The patterns for the serological group E strains and strain mi were determined using the methods described by Brown & Patterson (1972) . Strains NCTC 10449 and lngbritt were assayed simultaneously for comparison.
Deo;rl.vihonuclcic acid. Deoxyribonucleic acids were extracted as previously described (Coykendall, 1970) . Radioactive DNA from strain Gs5 was obtained from D. B. Clewell. Base contents, as mol O 0 guanine plus cytosine, were determined by CsCl density (Schildkraut, Marmur & Doty, 1962) or by thermal denaturation . Base-sequence homologies between strains were assessed by DNA-DNA reassociation on membrane filters (Denhardt, I 966) as detailed previously (Coykendall, I 971) , except that thymidine-methyl [JH] was used instead of [14C]thymidine for labelling DNA and labelled ~s 5 DNA was sheared by sonication fear 12 s at low power (Sonicator Model W185, Heat Systems-Ultrasonics, Inc.). All reassociations were carried out at 67 "C in 3 x SSC (0.45 M-NaCI + 0.045 M-sodium citrate).
Sc>rology. To confirm the presence of' serological group E antigens, HCI extracts (Lancefield, 1933) were prepared from cultures of alleged serological group E strains and several control strains grown overnight in Todd-Hewitt broth. The extracts were tested against commercial Lancefield group E antisera (Difco Laboratories, and Wellcome Reagents Ltd) in capillary tubes. A precipitate at the interface of antigen and antiserum was considered a positive reaction.
R E S U L T S
All strains fermented mannitol and rnulin, and all but B I~ fermented sorbitol. Strains which reacted with Bratthall group d antiserum (SLI, K I R, OMZ I 76 and B I 3) did not ferment raffinose or melibiose. The Lancefield group E strains (LM7, B2, ~4 , AtIO) and Streptococcus mutans strain SDI fermented raffinose very slowly. A positive colour change (to yellow) was observed only after 3 to 12 days. Slow growth with acid production could be observed along the agar stab and was a consistent observation. Melibiose was not fermented by these five strains. Strains FAZ and BHT, which are kery closely related to each other (Coykendall, ig71) and comprise Bratthall's (1970) group b, were the only strains which produced ammonia from arginine. All strains grew best in the presence of CO,. Growth, judged by colony size, was as good in a candle jar as in the strictly anaerobic (H,+CO,) atmosphere. In air, growth was slower, and strains H S~, ~4 9 and 0~~6 1 did not grow at all. Strain AHT grew feebly, producing very small colonies. 'Thus, genetic group IV strains appear to have a requirement for CO, or an intolerance of oxygen.
Mamitol-I -phosphate dehydrogenasc.. The electrophoretic patterns of mannitol-1 -phosphate dehydrogenases are shown in Fig. I . The pattern from strain SDI was identical to that of ~2 and is not shown. Similarly, ~4 and At10 patterns, which were identical to that of L M~, are not shown. There are two bands common to all strains. The Lancefield group E strains show some isozyme bands of lower mobility. Overall, the group E patterns resemble the patterns of genetic group I strains (NCTC10449 and Tngbritt) when contrasted to the markedly different patterns produced by strains of other genetic groups (Brown & Rufc.s of~g/j.co/jisis. Washed, resting, glucose-grown bacteria metabolized glucose at a rate faster than sucrose, an observation reported previously by Tanzer, Brown & Meyers ( I 972). However, the rate of glycolysis of fructose relative to the other sugars varied with the genetic group. in three genetic groups, the rate of fructose metabolism paralleled that of glucose hall serological groups h, a and d, respectively). In the other strains tested, the rate of fructose metabolism paralleled the rate of sucrose metabolism (Ingbritt, cs5, NCTC 10449, group I ; SD I , LM7, r32 : Bratthall serological group c and Lancefield group E, respectively) ( Fig. 2 ) . If strains were grown in sucrose rather than glucose, all three sugars were metabolized at the same rate except in the case of C S~. Growth in sucrose did not induce rapid sucrose fermentation in this strain.
DNA base content arid hjqbridizution. The base contents of strains not previously reported are incorporated in Table I . Strains H S~, O M Z~I and AHT have DNA base contents close to that of strain ~4 9 ;
this was expected because of their serological similarity (Bratthall, 1970 (Coykendall, 197r) , was about the value expected for DNA reassociation between genetic group III and group IV strains. I n a separate experiment, strain o~z r 7 6 DNA was 81.5 !x homologous with strains K I R and S L I (group 111, Bratthall serological group d).
The base contents of the serological group E strains and S. i~iufans strain SDI were similar to those of genetic group 1 (BratthaII serological group c) (Table I) . Labelled L M~ DNA hybridized extensively with DNA from these five strains and also with DNA from N C T C I O~~~ ( 
D I S C U S S l O N
The results presented here support previous evidence that Streptococcus mutans strains can be assigned to one of four genetic groups and that these groups correlate with four of Rratthall's five serologic groups.
Members of the fifth serologic group react with Lancefield group E antiserum. Although biochemically different from other serological group E streptococci [S. infreguens (Deibel, Yao, Jacobs & Niven, 1964; de Moor & Thal, 1968 ) and S. uberis (Cullen, i967j] , these Streptococcus mitans strains of serological group E resemble S. uberis strains of serological group E in their inability to evoke group E antiserum when injected into rabbits (Bratthall, 1970; Cullen, 1967) . They resemble S. inutans genetic group I strains in their slow glycolysis of fructose and in some mannitol-I -phosphate dehydrogenase isozymes. Genetically, the serological group E strains are so closely related to the genetic group I strains as to be indistinguishable by the DNA reassociation techniques used here. Furthermore, these strains cross-react with antiserum to genetic group I strains (Bratthall serological group c ) (Bratthall, 1972) , and Hardie & Bowden (1971) have shown that serological group E and genetic group 1 strains have the same carbohydrates in their cell walls. It is reasonable to consider the serological group E strains as variants of genetic group 1. It is interesting to note that strain S D I , which resembles the serological group E strains, did not react with commercial group E antisera.
Differences in biochemical properties among S. inutans strains such as reaction to raffinose and arginine have been observed by others (Edwardsson, 1968 ; Guggenheim, 1968) . However, these differences are seen to correlate with the genetic groups. Thus the members of genetic group 111 (Bratthall serological group dj can be identified by their failure to ferment raffinose and those of group 11 can be identified by the production of ammonia from arginine. Strains of genetic groups 1 (Bratthall serological group c) and IV (Bratthall serological group a ) are biochemically very similar but can be separated by the reluctance of genetic group IV strains to grow in air.
The difference in the rate of metabolism of fructose relative to glucose and sucrose in genetic group 1 strains compared with all other strains does not constitute a rapid means of identification and is more of academic interest. The dissimilation of sucrose in S. mutans is complex (Tanzer, 1972) . It is known that sucrose is metabolized more rapidly if cells are grown in sucrose (Tanzer, Brown & Meyers, 1972) . Thus the fate of sucrose is determined, at least in part, by an inducible system, probably invertase (Gibbons, 1972 Mclnerney, 1973) . The experiments u ith fructose reported here demonstrate that in genetic group I strains, rapid fructose metabolism is, like the metabolism of sucrose, not constitutive (as it is in other strains) but is induced by growth in sucrose. The failure of sucrose-grown G S~ to ferment sucrose rapidly may be due to the low level of invertase observed when this strain is grown on sucrose (Kuramitsu, 1973) . Other S. mutans strains have increased levels of invertase after growth in sucrose ('T'anzer, Brown & Mclnerney, 1973) .
Organisms phenotypically homogeneous but genetically heterogeneous present a taxonomic dilemma. If genetic relatedness completely determined taxonomy Escherichia coli would be considered a member of the genus Shigella (Brenner, Fanning, Miklos & Steigerwalt, 1973) and Streptococcus rnutans could be divided into four species. Such classifications would be unacceptable to many microbiologists and clinicians. Without DNA hybridization techniques there would be little argument that S. rnutans should remain a single species. Despite the presence of different antigens and small biochemical differences, S. inutans strains show great overall phenotypic similarity. Hiowever, we know that significant genetic disparities also exist within S. mutans. Should the four genetic groups be considered four separate species? This may be reasonable on genetic grounds. On other grounds it would present difficulties. Tests such as fermentation of raffinose and the production of ammonia from arginine sene to identify genetic groups among the strains in this study but may not be completely predictive for all future isolates. Thus, laboratories lacking specific S. mutans antisera and equipment for DNA analysis could not reliably separate four ' niutans-like' species. Furthermore, S. r?wtans strains of all genetic groups have been found in human mouths, and since there is no evidence that one is more cariogenic for humans than another it would be clinically unimportant to consider these organisms as four separate species. Yet, for those who are probing the metabolism, genetics, pathogenic mechanisms and epidemiology of S. mutans the existence of four ' genotypes ' assumes more importance, for one cannot extrapolate to the whole species the results of experiments on a member of only one genetic group.
In order to give some taxonomic status to the four types of Streptococcus mutans, it is suggested that the genetic groups be considered subspecies. The biochemical features of these subspecies are based only on the strains included in this study. The number of strains is small, and the phenotypic differences among the subspecies are small. Thus the proposed subspecies should be considered genotypes, but not necessarily phenotypes. The binomial Streptococcus rnutans will continue to denote a streptococcus which ferments mannitol, usually ferments sorbitol and raffinose, produces glucan from sucrose, and is not an enterococcus.
I . Streptococcus mutans subsp. rnutms (Clarke, 1924) . Gram-positive cocci in pairs and chains. Mannitol, sorbitol, raffinose and inulin fermented. Glucan produced from sucrose. Grow in air but CO, required for optimum growth. Ammonia not produced from arginine. D N A base composition 36 to 38 mol (x guanine plus cytosine. Strains in this subspecies react with Bratthall group c antiserum. Some strains also react with Lancefield group E antiserum.
Clarke's original strains no longer exist, but ~c~c r o 4 4 9 was deposited by W. Sims as a 'representative strain of S. mutans ' (Edwardsson, 1968) and has been shown to resemble Clarke's original description (Edwardsslon, I 968 ; Guggenheim, 1968) . Therefore, N C T C I O~~~ is designated the neotype strain of the species. Bratthall (1972) . Coykendall (1970) and Dunny et al. (1972) . Hardie & Bowden, in Bratthall (1972 
--
in pairs and chains. Mannitol, sorbitol, raffinose and inulin fermented. Glucan produced from sucrose. CO, or reduced oxygen tension required for growth. Ammonia not produced from arginine. DNA base composition 42 to 44 mol yo guanine plus cytosine. Strains in this subspecies react with Bratthall group t l~ antiserum. Strain H S~ (~~~~1 9 6 4 2 ) is designated the type strain of the subspecies.
The characteristics of the four subspecies are summarized in Table 4 . Intergroup homologies are summarized in Fig. 3 . It should be borne in mind that intergroup hybrids have been shown to contain some nonspecific base pairings (Coykendall, 1971) . Thus the true degree of intergroup relatedness is probably lower.
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